The proper distribution of crossovers during meiosis I ensures accurate chromosome segregation at the first meiotic division. A new study reveals both the consequences of improper crossover patterning in Drosophila and the role of Blm helicase in controlling this patterning.
Meiosis is a specialized form of cell division in which a single diploid cell becomes a haploid gamete through one round of genome duplication and two rounds of cell division. This process is divided into two phases, meiosis I and meiosis II. During meiosis I, programmed double-strand breaks are created by the topoisomerase-like protein Spo11 (Mei-W68 in Drosophila melanogaster) [1] . These breaks are repaired either as crossovers, a process that involves the exchange of flanking DNA sequences, or non-crossover gene conversions, which involves the copying of short tracts of DNA from one homologous chromosome to the other ( Figure 1A ). Crossover patterning, or the choice of which double-strand breaks are repaired as crossovers, is critical for proper homolog segregation at the first meiotic division [2] . In Drosophila, mice, and humans, improperly placed crossover events -those that occur in extremely proximal or distal regions of the chromosome arm -may hinder the proper segregation of homologs [3] [4] [5] . It is therefore not surprising that there are mechanisms in place to ensure proper crossover number and distribution. Crossover distribution in many organisms, including Drosophila, is shaped primarily by two forces -the centromere effect and interference [6] . The centromere effect shifts crossovers to the distal two-thirds of each chromosome arm ( Figure 1B ), while interference reduces the likelihood that two crossovers occurring on the same chromosome arm will be closely spaced [7] . In this issue of Current Biology, Hatkevich and colleagues show that Bloom syndrome helicase (Blm) is required for the proper distribution of crossover events in Drosophila and that the crossovers that do occur in these mutants are a result of a second, noninterfering pathway [8] .
Whole-genome sequencing analyses of the distribution of crossovers and non-crossovers along the five major chromosome arms in Drosophila have shown that although crossovers primarily occur in the distal two-thirds of each chromosome arm, non-crossovers tend to be more evenly distributed [9, 10] . Non-crossovers can also be recovered both close to one another and close to crossovers. These observations suggest that non-crossovers are insensitive to the centromere effect as well as to interference [9] . Thus, double-strand breaks in Drosophila are likely evenly distributed along the chromosome arms, with the decision of whether to repair a break as a crossover or non-crossover being made after the break has formed.
Drosophila also carries a small, mostly heterochromatic 4 th chromosome that does not normally undergo exchange, although exchange can be induced on the 4 th by subjecting female flies to heat [11, 12] . Furthermore, whole-genome sequencing of pooled meiotic products has recovered non-crossover events on the 4 th chromosome [10] , indicating that double-strand breaks do indeed occur. But whether these breaks occur at the same rate as observed for the five major chromosome arms and how they are distributed along the 1.4 Mb stretch of euchromatic sequence on the 4 th remains to be discerned. After double-strand breaks are made, a small number will be designated to become crossovers, and the rest will become non-crossover gene conversions. Breaks that are relegated to become non-crossovers are usually repaired by a process known as synthesis-dependent strand annealing, which, unlike crossing over, does not involve the formation of a double Holliday junction. There are two pathways by which crossovers may form: the interferencesensitive Class I pathway or the interference-insensitive Class II pathway [13] . It is likely that breaks designated at the outset to become crossovers will follow the Class I pathway, and the occasional break that escapes repair as a non-crossover will follow the Class II crossover pathway. These two pathways, initially discovered in Saccharomyces cerevisiae, are generally defined by their use of the ZMM proteins Msh4 and Msh5 in the more frequently used Class I pathway, and Mus81 and Mms4 in the less used Class II pathway. A similar twopathway system using different sets of proteins exists in Arabidopsis thaliana and Drosophila, where knockout of the Class I pathway results in the recovery of fewer total crossovers. Interestingly, some organisms, such as Caenorhabditis elegans, rely only on the Msh4-Msh5 proteins to resolve breaks as crossovers, while others, such as Schizosaccharomyces pombe, rely solely on the Mus81-Mms4 pathway [14] .
How meiotic double-strand break fate is determined -whether as noncrossover, Class I crossover, or Class II crossover -is an active area of investigation. One protein known to function in this decision is the RecQ helicase Blm. Blm dissolves double Holliday junctions and promotes the resolution of breaks as non-crossovers [15] . Blm has been shown to function in a similar manner during the mitotic cell cycle, thereby preventing the formation of crossovers during mitosis [16] . During Drosophila meiosis, Blm has also been R26 Current Biology 27, R19-R41, January 9, 2017 ª 2017 Elsevier Ltd.
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